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DEVELOPMENT  OF  PHOTODETECTORS 
FINAL  REPORT 


1.  INTRODUCTION 

This  is  the  fourth  and  final  report  on  this  contract.  The  material  pre¬ 
sented  here  includes  a  summary  of  all  previous  effort,  as  well  as  work 
carried  out  during  the  final  quarter  of  the  program,  and  during  the  time 

extensions  which  were  granted  in  order  to  fulfill  the  requirements  of 

the  contract.  The  period  of  time  covered  by  the  new  work  reported  here 
is  from  i1 1  'H*  1,  198  3  to  iA&j  30,  1984. 

3Va/€  frvG 

The  main  effort  during  this  time  period  has  been  devoted  to  fabrication 

of  InCaAs/InP  APD's.  Thus,  most  of  the  new  results  are  related  to  this 

work . 

2.  BACKGROUND 

All  device  fabrication  carried  out  on  this  program  has  made  use  of  VPE 
growth  techniques  since,  within  the  framework  of  available  knowledge  and 
expertise,  this  growth  method  seemed  most  suitable  for  the  successful 
fabrication  of  APD's.  Moreover,  all  previous  effort  in  the  growth  of 
InGaAs  PIN  devices  had  used  the  VPE  method.  Therefore,  no  work  was 
carried  out  using  LPE  techniques.  Both  single-barrel  and  double-barrel 
VPE  systems  have  been  used  successfully,  although  in  the  later  stages  ot 
this  work,  particularly  for  the  growth  of  InGaAs/InP  APD's,  the  single 
barrel  system  was  used. 

In  the  fabrication  of  PIN  InGaAs/InP  photodiodes,  carrier  concentrations 

15  3 

in  the  undoped  InGaAs  layer  of  about  10  /cm  are  now  routinely  obtain¬ 
ed,  thus  enabling  the  fabrication  of  photodiodes  with  low  and  reproduc¬ 
ible  capacitance.  Moreover,  the  present  growth  and  fabrication  techno¬ 
logy  yields  dark  currents  for  100pm  diameter  diodes  consistently  below 
lOnA,  and  frequently  below  5nA. 

This  work  has  led  to  a  number  of  standard  products  of  RCA  Inc.,  and  data 
sheets  for  these  products  are  included  in  Appendix  A,  attached  to  this 
report.  It  is  to  be  noted,  for  example,  that  the  InGaAs  photodiodes  can 
he  supplied  mounted  on  a  ceramic  block.  This  enables  customers  to  in¬ 
corporate  the  unit  into  their  own  amplifier  systems,  thus  avoiding  a 
number  of  obvious  problems  associated  with  a  separately  packaged  device. 

-  1  - 


These  results,  and  the  effort  which  has  gone  into  the  growth  and  fabri¬ 
cation  technology,  have  not  specifically  been  a  large  part  of  this  pro¬ 
gram,  but  the  effort  lias  been  carried  out  concurrently  with  the  work  on 
this  program.  This  separate  work  has  provided  a  baseline  for  the  AIM) 
work . 

PASSIVATION 

The  purpose  of  this  portion  of  the  work  was  to  reduce  surface  states  and 
dangling  bonds  that  are  responsible  for  carrier  recombination  and  leak¬ 
age  currents.  The  approach  to  the  problem  was  two-fold:  1)  to  attach 
selected  atoms  (e.g.  hydrogen  or  nitrogen)  to  dangling  bonds,  and  2)  to 
widen  the  energy  gap  near  the  surface,  thus  creating  a  potential  barrier 
that  would  repel  both  electrons  and  holes  away  from  the  surface.  The 
basis  for  the  work  was  the  successful  passivation  of  silicon  by  attach¬ 
ing,  atomic  hydrogen  to  the  silicon  dangling  bonds  at  the  surface.  [l  ] 

Details  of  this  part  of  the  work  have  been  discussed  in  the  quarterly 
reports  submitted  on  this  program,  and  are  not  reproduced  here.  In 
summary,  while  some  evidence  of  passivation  was  indicated  from  photo¬ 
luminescence  measurements  on  treated  surfaces,  the  effort  was  only  part¬ 
ially  successful.  InP  wafers  held  at  temperatures  of  about  2(H)°C  and 
above  showed  evidence  of  decomposition  when  exposed  to  gases  (hydrogen, 
nitrogen  or  ammonia)  which  had  been  atomized  by  an  r.f.  glow  discharge. 
At  lower  temperatures,  (150°C),  while  no  decomposition  was  observed, 
dark  currents  of  diodes  so  treated  were  found  to  increase  substantially. 

Analysis  of  the  experimental  results  has  suggested  that  the  limitation 
in  the  treatment  process  may  have  been  due  to  the  presence  ol  tract- 
quantities  of  oxygen  and/or  water  vapour  in  the  gas  sources  used  lor  the 
r.f.  glow  discharge.  The  success  of  Lagowski  et  al  [2]  in  passivating 
deep  levels  in  OaAs  using  atomic  hydrogen  suggests  that  further  work  in 
this  area  is  warranted,  but  that  oxygen  must  be  eliminated  from  the  glow 
d  i  seharge . 


InCaAs/InP  APD's 


4 . 1  St  ructure 

Initial  effort  in  the  fabrication  of  III — V  APD's  was  concentrated 
on  homo  junction  InP  devices  grown  on  both  p-type  and  n-type  sub¬ 
strates.  These  results  have  been  described  in  a  previous  quarterly 
report.  In  most  devices  there  was  little  evidence  of  gain, 
suggesting  that  surface  breakdown  was  occurring  long  before  the 
bias  voltage  reached  a  value  where  significant  internal  multiplica¬ 
tion  occurred.  No  well  defined  reasons  have  been  determined  for 
the  failure  of  this  earlier  work.  However,  more  recent  effort  with 
both  Ini’  and  InCaAs  'SAM'  APD's  has  been  considerably  more  success¬ 
ful.  N-type  substrate  material  has  been  used  for  all  recent  work, 
and  the  improved  results  arc1  thought  to  be  due  to  generally  improv¬ 
ed  growth  and  device  fabrication  techniques. 

The  structure  used  in  these  experiments  is  shown  in  figure  la.  The 
finished  device  is  a  simple  mesa  configuration.  Contacts  to  the 
upper  and  lower  surfaces  arp  made  using  conventional  and  previously 
described  techniques.  The  structure  has  a  number  of  advantages 
over  other  possible  devices: 

1)  Light  entrv  is  from  the  top  surface  (p+),  similar  to  the  stand¬ 
ard  line  ot  PIN  diodes,  so  that  existing  mounting  and  handling 
techn  i  q  tie  s  can  he  used  ; 

2)  Light  entrv  from  the  top  avoids  the  two-fold  problem  of  2-si  Hod 
processing  (which  would  He  necessary  for  light  entry  from  the 
substrate  side),  and  more  ditticiiit  mounting  techniques; 


i)  Light  entry  I  mm  the  top  avoids  the  problem  of  tree-carrier  ab¬ 
sorption  in  the  substrate  which,  in  some  circumstances,  results 
in  loss  ot  quantum  efficiency; 


4)  For  this  structure,  long  wavelength  radiation  (e.g.  l.'ipm) 
incident  on  the  top  surface  is  absorbed  in  that  portion  of  the 
InGaAs  region  adjacent  to  the  heterojunction.  This  is  the  por¬ 
tion  of  the  InGaAs  region  which  is  first  to  be  depleted  when 
the  bias  voltage  exceeds  that  necessary  just  to  deplete  the  n- 
InP  region.  Thus  high  quantum  efficiency  is  achieved  as  soon 
as  a  sufficient  depth  of  the  InGaAs  region  is  depleted  (about 
2  ym  or  so),  and  the  InGaAs  layer  itself  does  not  form  a  dead 
layer,  (as  would  be  the  case  for  illumination  from  the  sub¬ 
strate  side)  and  therefore  the  total  thickness  of  the  InGaAs 
layer  is  not  a  critical  parameter. 

There  is,  however,  one  important  disadvantage  to  this  struc¬ 
ture:  The  use  of  n-type  substrates  tends  to  result  in  increas¬ 
ed  fields  at  the  junction  on  the  surface  of  the  etched  mesa, 
which  is  likely  to  cause  surface  breakdown  prior  to  bulk  break¬ 
down.  For  devices  fabricated  on  p-type  substrates  the  condi¬ 
tions  tend  to  favour  lower  surface  fields,  and  therefore  better 
probability  of  a  true  bulk  breakdown.  (However,  as  noted 
above,  this  did  not  seem  to  be  the  case  for  results  reported 
earlier  in  this  program). 

No  matter  what  the  configuration  of  the  APD  structure,  it  seems 
likely  that  some  technique  for  surface  field  reduction  will 
have  to  he  utilized  if  reliable  and  stable  devices  are  to  be 
achieved.  One  possible  approach  to  this  problem  has  been  dis¬ 
cussed  in  the  2nd  quarterly  report.  A  planar  version  of  the 
basic  diode  structure  used  here  has  been  described  by  Shirai  et 
al  [l]  in  which  a  diffused  guard-ring  was  used  to  avoid  edge 
breakdown.  Other  approaches  may  also  be  possible,  and  will  be 
the  subject  of  future  study. 

The  basic  operation  and  limitations  of  the  ’SAM'  APD  structure 
have  been  described  in  considerable  detail  in  the  literature, 
and  are  therefore  presented  only  briefly  here.  Avalanche  mul¬ 
tiplication  in  InP  is  found  to  occur  for  fields  in  the  range  ot 
about  4.S  to  (>  x  K>5  volts/cm,  depending  somewhat  on  the  doping, 
concent  rat i on  in  the  InP.  For  an  abrupt  junction,  the  field  is 
related  to  the  doping  concentration  and  depletion  layer  width 
hv  t  he  t  o 1 1 owi ng  : 


E(x)  =  —  N(w-x) 
e 


whore:  N  is  the  doping  concentration  in  the  depleted  region, 
q  is  the  electronic  charge, 
e  is  the  dielectric  constant 

w  is  the  width  depleted  by  the  applied  voltage,  and  x  is 
the  distance  from  the  junction. 

The  maximum  field,  E(n  occurs  for  x=0 ,  and  is  given  by 


£ 


Thus,  for  example,  if  is  5  x  lU5V/em  (for  avalancl  t  ) ,  then 
the  product  Nw  is  approximately  equal  to  3.3  x  1U  /cms.  In 

this  case,  for  a  doping  concentration  of  1  x  10  /cm  ,  the 

depletion  width  at  avalanche  would  be  about  3.3pm. 

In  the  'SAM'  APD  structure  of  figure  la,  the  thickness  and 

doping  concentration  of  the  InP  region  must  be  chosen  so  that 
depletion  into  the  absorbing  InGaAs  region  occurs  before  ava¬ 
lanche,  but  also  that  the  field  in  the  InGaAs  region  does  not 
exceed  about  1.5  x  105  V/cm  -  the  approximate  threshold  for 

tunne 1 l i ng. 

The  field  in  the  device  is  somewhat  as  shown  in  figure  lb.  For 
the  parameters  shown,  the  maximum  field  is  given  by 

E  =  a  [Ndlwj  +  Nd2w2] 
m  e 

a  n  d 

Kl=  -  Nd2w2 
e 
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Thus,  tor  successful  operation  ot  the  device,  the  elec 
field  K  .  must  satisfy  the  following: 


cctrn 


0  <  h  '  <  1.5  x  lUv/rm 


It  is  clear  that  a  range  of  thicknesses  and  doping  concentra¬ 
tions  for  the  InP  region  is  possible  for  sueeesstul  fabrica¬ 
tion,  and  depending  somewhat  on  the  actual  breakdown  field, 
Km,  the  product  Nj  jw  i  nay  lie  in  the  approximate  range  2.ll 

1  o  o 

to  3.5  x  10  /cm  .  It  is  equally  clear,  however,  that  the 
limits  of  these  parameters  are  relatively  narrow,  given  the 
limitations  of  doping  control,  layer  thickness  uniformity  and 
reproducibility  of  the  VPE  process.  Nevertheless,  a  number  of 
'SAM'  AP11  wafers  have  been  fabricated  which  have  yielded  diodes 
having  gains  of  about  10  or  greater,  and  good  response  at 
1.3pm.  These  results  are  described  below  in  some  detail. 

4 . 2  P.xper  i  menta  1  Results 

The  diode  pattern  used  is  shown  in  figure  2.  Because  slight 
undercutting  of  the  pattern  occurs  during  the  etching  process, 
the  actual  mesa  is  found  to  be  slightly  smaller  than  shown. 
Measurement  of  actual  devices  has  given  an  area  typically  about 
1.2b  x  10“4  cm2. 


The  first  results  shown  are  for  an  APD  in  which  reach-through 
to  the  InOaAs  region  did  not  occur.  Thus,  the  results  obtained 
are  for  an  InP  APD.  Measurements  of  response  were  made  at  a 
wavelength  of  900nm,  since  there  was  no  long-wavelength  res¬ 
ponse,  and  quantum  efficiency  decreased  dramatically  at  shorter 
wavelengths  due  to  absorption  in  the  capping  p+InP  layer. 


Figure  3  shows  the  response  ns  a  function  of  bias  voltage.  In 
order  to  determine  the  gain,  the  unity  gain  response  has  been 
assumed  to  increase  at  higher  bias  voltages  with  the  same  slope 
as  at  lower  voltages.  The  unity  gain  reference  line  is  indi¬ 
cated  in  the  figure.  The  gain,  therefore,  can  be  easily  cal¬ 
culated,  and  is  shown  in  figure  4.  It  is  to  be  noted  that  the 
gain  observed  is  electron  gain,  since  the  absorption  is  all  on 
the  p-side  of  the  junction.  The  hole  gain  Mp  is  related  to 
the  electron  gain  Mp  by 


Me-1  =  k  (Mh-1) 


where,  for  a  peak  tield  of  the  order  of  5  x  10^  V/cm  in  this 
device,  k  should  be  about  0.62  [4].  The  dark  current  is  also 

plotted  in  figure  4.  The  dark  current  increase  at  high  vo  1  t - 
ages  is  almost  certainly  due  to  the  gain  and  corresponds  to  an 
unmultiplied  hulk  dark  current  in  the  device  of  about  . 2nA. 

The  capacitance  as  a  function  of  bias  voltage  is  shown  in 
figure  6.  The  slope  of  less  than  -.5  is  an  indication  ot  the 
junction  grading  effect  due  to  the  diffusion  of  the  zinc  I  rum 
the  p+  InP  region  to  form  the  junction. 

In  figure  6,  the  electron  gain  of  a  'reach-through'  InGaAs  API! 
is  shown.  Since  the  device  has  no  long  wavelength  response  at 
low  bias  voltages,  the  gain  is  obtained,  as  for  device  II 1, 

above,  hy  measuring  at  9()0nm.  The  hole  gain,  calculated  from 

the  electron  gain  using  k=0.b2,  is  shown  as  a  dashed  curve. 

figure  7  shows  the  1 ong-wave! ength  (1300nm)  response  ot  the 
diode.  ihe  response  is  seen  to  rise  rapidly  as  the  depletion 
layer  nears  the  InP/InGaAs  interface,  and  reaches  through  into 
the  InGaAs  region.  The  dashed  curve  shows  the  calculated  unity 
gain  response,  which  was  obtained  by  dividing  by  the  hole  gain 
from  figure  6.  For  comparison,  the  response  of  the  reference 
diode  is  shown,  which  is  approximately  equal  to  the  high  volt¬ 
age  unity  gain  response  of  the  API).  This  confirms  that  (lie 

device  is  wi  ■  1 1  behaved,  has  high  quantum  efficiency,  and  that 

the  assumed  k  factor  is  about  correct. 
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lilt'  rapai'i  taiU'i'  of  this  diode  is  pioLted  as  a  function  ol  bias 
voltage  in  figure  H.  As  expected,  tilt1  c;i  par  i  L  aiu'e  drops  preci¬ 
pitously  alter  reach-through,  thus  defining  the  reach-through 
voltage  as  about  40  volts. 

An  excessive  noise  problem  has  been  observed  in  many  diodes, 
at  bias  voltages  corresponding  approximately  to  the  reach- 
through  point.  This  is  shown  for  anoLher  diode,  the  results  of 
which  are  plotted  in  figure  9.  In  this  particular  device,  Lite 
doping  concentration  and/or  thickness  of  the  Ini’  layer  was  too 
low,  so  that  the  gain  after  reach-through  was  found  to  bo  on  1 v 
slightly  above  1  in  the  voltage  range  measured.  Nevertheless, 
the  noise  of  the  diode,  as  shown  in  the  figure,  rises  to  a  verv 
high  value  at  about  the  readi-through  voltage,  decreasing  some¬ 
what  al  higher  voltages. 

There  is  at  the  present  time  no  explanation  tor  this  problem, 
but  it  can  be  assumed  that  some  irregularity  in  the  device 
structure  exists  at  the  hetero-interface. 

I  he  results  of  one  further  device,  from  a  wafer  which  showed  a 
much  reduced  anomalous  noise  at  the  reach-through  voltage,  are- 
shown  in  Figures  10-14.  Figure  10  shows  the  responsivity  and 
tiguie  14  shows  the  estimated  hole  and  electron  gains.  Fig.  14 
shows  the  dark  current  and  the  estimated  primary  dark  current 
at  let  dividing  by  the  hole  gain.  Note  that  nnmu 1 1 i p 1  i ed  dark 
cm  rent  ,  which  should  he  proportional  to  w  +  Lf| ,  whore  w  is 
the  width  of  the  depletion  layer  in  the  InOaAs  and  l.(|  the 
diltusion  length,  behaves  roughly  as  expected. 

figure  1  1  shows  the  calculated  excess  noise1  factor  as  a  I  unc¬ 
tion  ot  gain  and  I  ig.  14  shows  the  measured  and  calculated 
noise.  Note  that  at  high  gains  the  calculated  noise  agrees 
reasonably  well  with  the  measure  noise,  hut  that  there  is  still 
som(.  anomalously  large  noise  at  low  gains. 


3  l)i  sc  us  si  on 

riic  re  ore  a  number  ot  outstanding  problems  which  must  he  re¬ 
solved  betore  a  useful  device  is  achieved.  These  problems  wi  I  1 
he  the  subject  of  future  work.  In  general,  gains  have  been 
quite  low.  This  is  undoubtedly  due  -  at  least  in  part  -  to 

high  Holds  at  the  junction  periphery  of  the  device.  It  will 
he  necessary,  therefore,  to  devise  a  workable  technique  for 
surface  field  reduction,  as  discussed  earlier  in  this  report. 

The  noise  prohlem  which  occurs  near  the  roach-through  voltag.es 
would  severely  limit  the  usefulness  ot  most  devices  fabricated 

so  tar.  lu  addition,  the  noise  ot  the  diodes  measured  -  even 
the  device  of  figure  H)  -  are  excessively  high  for  the  rela¬ 
tively  low  gains  achieved.  Much  of  the  excess  noise,  mav 

arise  l run  high  fields,  and  therefore  high  localized  gains  at 
the  etched  surface  of  tin1  mesa.  This  again  indicates  the 
necessity  of  reducing  the  peripheral  tield.  At  the  snr  •  time, 
the  active  multiplying  area  could  probably  he  reduced  substant¬ 
ially  tor  most  fibre-optic  applications. 

The  measured  dark  current  is  about  an  order  of  magnitude  higher 
than  one  would  like  to  see  in  a  useful  device.  Some  ol  this 
can  he  reduced  hv  making,  the  device  smaller,  but  more  attention 
will  probably  have  to  he  paid  to  interface  states,  etc.  from 

which  the  dark  current  mav  he  coming. 

It  is  also  noted  that  none  ot  the  devices  fabricated  so  far  has 
hail  an  intermediate  or  graded  bandgap  layer  between  the  n-lnP 
and  the  undoped  int.aAs  regions.  This  layer  would  he  necessary 
to  avoid  the  slow  response  characteristic  which  has  been  I ound 
to  he  associated  with  the  valence-hand  discontinuity  at  the 
bet ero-i nter face .  The  development  ol  growth  techniques  to 
insert  such  a  lover  will  be  the  subject  ot  future  work. 

.  t  !v  live  ruble  InUaAs/InP  APU’s 

five  APU’s  have  been  mounted,  evaluated,  and  made  available  tor 
deliver',  as  a  requirement  ot  this  program.  The  diodes  have 
been  ‘.elected  I  rum  w.ilei  11- 1 9 ,  which  is  the  same  lot  from  which 
i  lie  diode  ot  i  ig.ure  In  was  obtained.  Hie  pleasured  results  lor 
1 1  r>  diodes  are  at  t  ached  to  this  report  as  Appendix  13. 
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Electron  Gain  and  Dark  Current  for  Diode  of  Figure  3. 
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There  are,  therefore,  three  basic  ways  of  reducing  the  capacitance 
of  the  PIN  diode. 

1)  Decrease  the  area  of  the  diode. 

2)  Increase  the  bias  voltage. 

3)  Decrease  the  cat  ler  concentration  in  the  (undoped)  n~  InG'aAs 
region  (i.e.  N) 

Within  the  framework  of  the  existing  mechanical  and  electrical 
design,  the  area  and  bias  voltage  of  the  detector  cannot  be 
changed.  Thus,  the  only  parameter  remaining  for  capacitance  reduc¬ 
tion  is  the  background  doping  concentration  in  the  n-InGaAs 
region.  With  the  continuing  wafer  fabrication  effort  described 
earlier  in  this  report  values  for  the  doping  concentration  in  the 
high  LO*4  and  low  lO^/cm^  range  are  routinely  achieved.  Apart 
from  the  fabrication  effort,  optimization  of  diodes  for  the  PIN-FET 
receivers  has  consisted  of  diode  selection  for  lowest  capacitance. 

5 . 2  Deliverable  Fibre-Pigtailed  PIN-FET  Receivers 

A  requirement  of  this  contract  is  the  delivery  of  5  state-of-the- 
art  fibre  pigtailed  PIN  detector  devices.  For  this  requirement  we 
have  chosen  5  PIN-FET  receivers,  as  described  above,  the  detailed 
measurements  of  which  are  found  in  Appendix  C. 
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P1N-FKT  RKCEIVERS 

A  development  program  for  a  long-wavelength  PIN-FKT  receiver  has  been 
carried  out  in  parallel  with  the  work  on  this  contract,  but  the  receiver 
design  effort  has  not  heen  a  part  of  this  program.  This  work  has 
resulted  in  a  PIN-FET  receiver  being  sold  as  a  standard  commercial  pro¬ 
duct  of  RCA  Inc.  The  receiver  uses  the  best  available  long  wavelength 
PIN  diodes  from  the  detector  work.  A  data  sheet  for  the  receiver  is  in¬ 
cluded  in  Appendix  A.  The  product  number  is  C30986K.  The  necessary 
fibre-pigtailing  and  test  facilities  for  these  receivers  have  also  been 
set-up. 

Integration  of  long  wavelength  PIN  diodes  with  bipolar  preamplifiers,  as 
originally  proposed,  has  been  replaced,  therefore,  by  the  optimization 
of  diodes  for  the  PIN-FKT  receiver. 

I>.  1  PIN  Detector  Optimization 

The  optimization  of  PIN  diodes  has  consisted  mainly  of  a  continuing 
effort  to  decrease  the  capacitance  of  the  diodes,  which  has  a 
direct  effect  on  the  performance  of  the  receiver.  In  general,  the 
noise  of  the  diode  chips  is  low,  and  has  not  contributed  signifi¬ 
cantly  to  the  system  noise. 

The  capacitance  of  a  diode  is  given  by: 

C  =  fcq_N  1  ?  A 


where  e  is  the  dielectric  constant 
q  is  the  electronic  charge 
N  is  the  doping  concentration 
V  is  the  voltage,  and 
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CURRENT  RCA  STANDARD 
PRODUCTS 
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Solid  State  Detectors 

Developmental  Types 

C30979E,  C30980E,  C30980EL 


Photodiodes 

Indium  Gallium  Arsenide  Photodiodes  for 
Detection  of  900  to  1700  nm  Radiation 

■  High  Quantum  Efficiency  - 

70%  typical  at  1300  and  1550  nm 

■  Spectral  Response  Range  - 

900  to  1700  nm 

■  Extremely  Fast  Time  Response  - 

Rise  lime  typically  less  than  1.0  ns 
Fall  time  typically  less  than  1.0  ns 


RCA  Developments!  Types  C30979E  end  C30980E  ere  high 
speed  Indium  Callium  Arsenlde/lndlum  Phosphide 
photodiodes  These  structures  provide  high  responslvlty 
and  very  test  response  between  900  and  1700  nanometers 
and  are  optimised  tor  detection  ot  1300  nm  and  1550  nm 
sources  They  are  particularly  useful  tor  liber  optic 
communications  at  these  wavelengths  These  devices  are 
supplied  In  a  TO-18  package  with  a  removable  cap  which 
permits  optimum  coupling  ol  the  liber  to  the  active  erea  of 
the  detector  These  devices  can  be  supplied  sealed  behind  a 
flat  glass  window  on  request. 

The  C30980EL  Is  supplied  In  a  hermetically  sealed  package 
which  incorporates  a  short  light  pipe  as  an  Integral  part  of 
the  package  The  light  pipe  Is  positioned  close  enough  to 
the  detector's  active  area  that  most  of  the  radiation  exiting 
from  the  light  pipe  falls  within  the  active  area  of  the 
detecto'.  This  h»  •metlcally  sealed  package  allows  fibers  to 
be  epoxied  to  the  end  ot  the  light  pipe  to  minimize  losses 
without  tear  of  endangering  detector  stability 

The  C30979E  and  C30980E  are  elso  available  mounted  on  a 
ceramic  block  for  hybrid  work  (see  Figure  4)  In  this 
configuration  the  type  numbers  are  C30979CER  and 
C30980CER 


Pot  tvntisf  tnlormation  or  application  aaaiatanca  on  those  oevicas.  eoniacl  yovt  acx  Salas  Representative  ot  Photodetector  Marketing  RCA.  Sie  Anne  de  Bena.iM 
Quebec  Canada  USX  JU  (Sl«l  S57-SOOO 

Traeamaiattl  •  Asfeie'se 
Mercalkl  Ra«iatraeal*l 

Printed  In  U  S  A/9-81 
CJ0S7SE,  csoeeoe,  cjossozl 
Supersedes  C30979E  5-81 
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Maximum  Ratings,  Absolute-Maximum  Valuta 1 


Reverse  Bias  Der*  Current  .  500  *A 

Photocurrent  at  22°  C: 

Average  value,  continuous  operation  ...  0  5  mA 

Peak  value  (For  1  second 

duration.  non-repetitive)  .  10  mA 

Forward  Current.  Ip  at  22°  C: 

Average  value,  continuous  operation  ...  0  1  mA 

Peak  value  (For  1  second 

duration,  non -repetitive)  .  0  5  mA 

Maximum  Total  Power 

Dissipation  at  22®  C  .  1  mw 

Ambient  Temperature  — 

Storage.  T*,  .  -60  to  ♦  100  *C 

Operating,  T*  .  -4«to+7l  °C 

Soldering 

For  5  seconds  .  200  °C 


'  These  are  limiting  values  of  operating  and  environmental 
conditions  Exceeding  these  values  can  cause  damage  to  the 
device 


A-  1 


C30979E,  C30980E,  C30980EL 


Electrical  Characteristic! 

At  an  ambient  temperature  (T«)  of  22°  C.  DC  reverse  operating  voltage  V* 

=  5  V 

C30979E 

C30980E 

C  30 980 EL  | 

Min. 

ryp. 

Max. 

Min. 

T>p. 

Max. 

Min. 

TUP- 

Max. 

Recommended  Operating  Voltage 

t 

5 

10 

1 

5 

10 

1 

5 

10 

Breakdown  Voltage.  Ve* . 

30 

60 

- 

30 

60 

- 

30 

60 

R**spon$ivity 

At  1300  nm 

0  63 

0  73 

- 

0  63 

0  73 

- 

0  50 

0  60 

- 

At  1550  nm 

0.75 

0  88 

- 

0  75 

0  88 

- 

0  60 

0  72 

- 

Ouinium  Efficiency 

At  1300  nm  ... 

60 

70 

- 

60 

70 

- 

48 

58 

At  1 550  nm . . 

60 

70 

- 

60 

70 

- 

48 

58 

Total  Dark  Current.  I«  . 

- 

15 

30 

- 

150 

250 

150 

250 

Noise  Current,  u 

*  -  10  kHz  M  -  1  0  Hz  .  .  . 

• 

0  2 

04 

- 

03 

0  6 

- 

03 

06 

Opaotance.  C«  .  . 

- 

1 

- 

5 

IO 

- 

5 

IO 

Rise  Time,  t. 

10%  to  90%  points 

- 

- 

1 

- 

- 

3 

- 

3 

Fail  Time 

90%  10  10%  points 

- 

- 

1 

- 

- 

3 

- 

- 

> 

Photosensitive  Surface 

Shape 

Useful  area 

Useful  diameter  ... 

Circular 

0  008 

100 

Circular 

0.2 

500 

Not 

Applicable 

Figure  1  -  Typical  Spactral  Reaponalvlty  Characteristic 


Figure  2  -  Typical  Leakage  Current  ve  Temperature 
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Figure  3  -  Typical  Photodiode  Capacitance 
va  Operating  Voltage 


Dimensions  in  millimeters  Dimensions  in  parentheses  are 
inches 


C30979E,  C30980E,  C30980EL 
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Modified  TO-18  Package 

Dimensions  *n  millimeters  Dimensions  in  parentheses  are  m 
inches 

Figure  5  -  Dlmenalonel  Outline  -  C30979E,  C30980E 
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Figure  6  -  Dlmenalonel  Outline  -  C30980EL 


Figure  4  -  Dlmenalonel  Outline  -  C30979CER.  C30980CER  Figure  7  -  Cutaway  ol  the  RCA  C30980EL 
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Solid  State  Detectors 

Developmental  Types 

C30986E  Series 


Long  Wavelength  Photodiode  - 
Transimpedance  Preamplifier  Modules 
Available  with  Integral  Fiber  Optic  Pigtail 


■  Syatsm  Bandwidth  (3  dB  Point)  - 
DC  to  2 SO  MHz 

■  Razponslvlty  at  T«  =  22*  C  - 
5x10*  V/Wat  1.3 

Silo3  V/Wat  1.35  j*m 

■  Spactral  Rssponts  Rang*  - 
>00  to  1700  nm 

■  Harmatlcally-Saalad  14-Ptn  Dual 
In-Llna  Paekagaa 


■  Sanaltlvtty  (algnal-to-noiaa  ratio  - 

22  dB  lot  B  E. R.  =  10  - 

-35  dBm  avaraga  optical  powar  at 
250  MHz 

■  Syatam  Nolaa  Equlvalant  Powar 
(NEP)  at  T»  =  22*  C  - 
3pW/Hz’"  at  1.3  ».m 

2.5  pW/Hl’  *  at  1.55  „m 


RCA  Developmental  Type  C30986E  Is  an  Indium 
Gallium  Arsenide  (p-i-n)  photodiode  with  a  hybrid 
preamplifier  supplied  in  a  14-pin  dual  in-line  package; 
a  glass  window  providing  optical  access  to  the  photo¬ 
diode  is  included  RCA  Developmental  Types 
C30986EQC-01  and  C30986EQC-02  are  Indium  Gal¬ 
lium  Arsenide  (p-i-n)  photodiodes  with  hybrid  pre¬ 
amplifiers  supplied  in  a  14-pm  dual  in-line  package; 
this  package  is  supplied  with  a  50  <im  graded  index 
fiber  pigtail. 

The  p-i-n  photodiode  used  in  these  devices  is  a  high¬ 
speed  Indium  Gallium  Arsenide/Indium  Phosphide 
photodiode  providing  high  responsivity  between  900 
and  1700  nm  and  is  optimized  for  detection  of  1300 
and  1550  nm  sources 

The  preamplitler  is  a  transimpedance  type  employing 
a  low  noise  GaAs  FET  front-end  and  a  cascode 
feedback  circuit.  An  emitter  follower-stage  is  added 
to  the  output  to  provide  improved  output  coupling 
efficiency  The  system  bandwidth  for  the  C30986E 
Series  is  typically  250  MHz  Greater  sensitivities  with 
correspondingly  reduced  bandwidths  are  available 


Absolute-Maximum  Ratings,  Limiting  Values' 

Photodiode  Bias  Voltage,  v„ 

At  T.=  22°  C  .  -30  V 

Preamplifier  Voltage 

Positive,  +Vee  .  *-6  3  V 

Negative,  -Vce  .  -6  3  v 

Incident  Radiant  Flux.  |T„  «  22°  C> 

Average  value  .  0  6  mw 

Peak  value  (1  see  duration, 

non-repetitive)  .  1  2  mW 

Ambient  Temperature 

Storage.  T.,t  .  -50  to  ♦  100  C 

Operating.  T»  .  40  to  ♦  70  C 

’  These  are  iimtiing  values  ol  operating  ind  environmental  cono'iton* 
Exceeding  these  values  can  cause  damage  to  the  device 

Mechanical  Characteristics 

Type  Diode  Chip  Fiber  Fiber  Optic 

(Ola.)  Type  Core  Die. 

C30986E  C30979E  <100  ^m) 

C30986EQC-01  C30979E  (100  ^m)  Srecor  3008D*  50 

C30986EQC-02  C30979E  (100  **m)  ITT  Tl271-i5»  50  „m 

*  A  product  of  Stecor  Optical  Cables.  Inc  .  Hickory  NC  28601 

*  A  product  of  ITT  Electro  Optical  Products  D'v  Roanoke.  VA  24Q19 


for  further  information  or  application  assistance  on  these  devices  contact  your  RCA  Sales  Representative  or  Photodetector  Marketing.  RCA  Ste  Anne  de  8eiievu« 
Quebec  Canada  M«X  3L3  (514)  45?  9000 
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Trsaamatsisi  *  RaQisiarao 
Marcsm  Ragistradam 

Printed  in  U  S  A  /1-83 

C30966E  Serial 


ftactrtcaf  Charactarlatfca* 

C30II9I 

csoftseeoc-oi.  ootsecQc-oi 

Unlta 

RatponaivHy 

Al  1  3  pm  . 

Min. 

4*10* 

Typ. 

5«10* 

Mai. 

Min. 

3k  10* 

Typ. 

4x10* 

Mai. 

V/W 

At  1  55  pm  . 

Snip’ 

9x10* 

- 

4x10* 

5x10* 

- 

v/w 

Noiaa  Equivaiant  Powar  (N£P). 
too  kHz  <1<1j2 

At  t  3  pm  . 

3.0 

5.0 

3  8 

6  6 

pW/Hl"* 

At  1  55  pm  . . 

2  5 

4.0 

- 

3.0 

50 

pW/Hl’'* 

Output  Spactrai  Nolaa  Voitaga  Danalty: 
f  -  too  kHz  -  i« 

Af  •  1  0  H*  . 

15 

20 

15 

20 

nV/Hl’'* 

Output  impadanca  . 

- 

20 

40 

- 

20 

40 

n 

Syatam  Bandwidth,  f,  (3  dB  point)  . 

200 

250 

- 

200 

250 

- 

MHz 

Riaa  Tima,  t, 

A  -  t  3  pm  and  t  55  pm 

10%  to  00%  poinia  . 

15 

2 

1.5 

2 

nt 

Fan  Tima 

A  •  1  3  pm  and  1  55  pm 

90%  to  10%  polnta  . 

1.5 

i 

15 

2 

ns 

Dynamic  Ranga 

22  d8  SNR  aquarawava  . 

18 

20 

. 

16 

20 

d8 

Output  Offaat  Voitaga  . . 

-0.7 

-15 

-3.0 

-0.7 

-1.5 

-3.0 

V 

Supply  Currant 

♦  50V  . 

_ 

25 

35 

. 

25 

35 

mA 

-5  2  V  . . 

- 

10 

15 

- 

10 

15 

m  A 

•  At  an  tamparatgra  (T,)  of  22*  C.  nag atir«  photodloda  bla*  of  -5  2  VDC.  prtampllflar  operating  vottagaa  of  +5  0  VDC  and  -5.2  VDC.  and  in#  signal  output 

AC  (capaotivaly)  couptad  into  •  50  ohm  tarmmation 


«**VlllMQTM-N**«CM(T(Nt  MOOUll  BANDWIDTH  l-ldll 


Fljurt  1  -  Typical  Spaclral  fUtponpIvHy  Charpcltrlpllc  Flpurp  2  -  ProJtcUd  Bandwidth  »  Rtiporulvlty  (1.3  „m) 

.  (Moduiaa  with  parfotmanca  lying  on  thi*  c utva  can  t>«  mada  on  a  cuatom 

baaia) 


A-  6 


C30986E  Series 


Dimensions  In  millimeters  Dimensions  In  parentheses  Sf«  m 
Inches. 


Pin  Connections 

1:  Negative  Bias  for  Photodiode 

2,  6,  9.  11.  12.  13.  14:  No  Connection.  Do  Not  Use 

3.  S.  6:  Ground  (Case  and  Power  Supply) 

4:  »VM  Negative  Bias  for  Amplifier 

7:  Signal  Output 


10:  +V  K  Positive  Bias  for  Amplifier 


Dimensions  in  millimeters.  Dimensions  In  parentheses  are  in  Figure  S  -  Dimensional  Outline  - 

inches  C309S6EQC-01,  C30986EQC-02 


Pin  Connections 
i  Negative  Bias  for  Photodiode 

2.  6.  9.  11.  12.  13.  14:  No  Connection.  Do  Not  Use 

3.  5.  8  Ground  (Case  and  Power  Supply) 

4  Negative  Bias  for  Amplifier 

7  Signal  Output 

10  +VM  Positive  Bias  for  Amplifier 

Figure  4  *  Dimensions!  Outline  -  C3O906E 


Optical  Power  (W  avg. 


APPENDIX  B 


pEASURB'ENT  DATA  FOR 
5  InGaAs/InP  APD's 
SUPPLIED  AS  PART  OF  THE 
REQUIREMENTS  OF  THIS  CONTRACT 


C 30986  Series 


Detector  Responsivlty  (coupled)  @1 . 3pm  . 

@1 . 55ym . 


Noise  Equivalent  Power  (NEP): 

( lOOKHz  f  fo/2)  @1 .3m  . 

91.55pm . 

Output  Spectral  Noise  Voltage  Density 

(f-lOOKHz-fo,  Af-l.OHz)  . . . 

Sensitivity  ( Pavg  .9  10" 9B . E.  R.  )91 . 3pra  . 

91.55pm  .. 

Output  Impedance  . . 

System  Bandwidth,  fo  (3dB  point)  ..... 

Rise  Time  (101  to  901)  . 

Fall  Time  (90X  to  101)  . 

Dynamic  Range  (optical)  . 

Output  Offset  Voltage  . 

Supply  Current,  +5.2V . 

-5.2V . 

Detector  Leakage  Current,  -5.2V . 

Detector  Capacitance,  -5.2V . 

Transimpedance  Resistor  . . . 


Units 

Min. 

Typ. 

Max. 

.57 

.66 

- 

A/W 

.68 

.79 

- 

A/W 

3.ixio4 

4. 2x 104 

- 

V/W 

3. EzlO4 

S.OxlO4 

- 

V/W 

- 

1.4 

2.6 

pW//Hz 

“ 

1.2 

2.2 

pW//Hz 

- 

60 

80 

nV//Hz 

-42 

-43 

- 

dBm 

-43 

-44 

- 

dBm 

20 

40 

(i 

55 

70 

MHz 

- 

5 

6.4 

ns 

- 

5 

6.4 

ns 

18 

20 

- 

dB 

-0.7 

-1.5 

-3.0 

V 

- 

25 

35 

mA 

- 

10 

15 

mA 

- 

10 

30 

nA 

0.5 

- 

PF 

- 

100 

k(l 

At  an  ambient  temperature  (T^)  of  22  C,  negative  photodiode  bias  of  -5.2VDC,  preampli¬ 
fier  operating  voltages  of  +5.2VDC  and  -5.2VDC,  and  the  signal  output  AC  (capacltlvely ) 
coupled . 

S/N:  TEST  SUPERVISOR:  DATE: 


Measured  Values 

Responsivlty  91.3im  . 4.13/0  V/W  into  50(1 

. . . 7,OPO~  v/W  into  1000(1 

Detector  Leakage  Current  95.2V  . . .  32.  mA 

Supply  Current,  +5.2V  . .  ^  mA 

-5.2V  .  *  s  nA 

Output  Offset  Voltage  .  -2-70  V 

Output  Impedance  . 34  q 

System  Bandwidth,  fo  (3dB  point)  . 7  MHz  into  50(1 

System  Bandwidth  "  .  70  MHz  Into  1000(1 

Output  Spectral  Noise  Voltage  Density  (AVG)  .  47  nv//Hz  Into  50(1 

(Peak)  ....  ^5 


12. 

mA 

2.4 

mA 

1,! 

nA 

-2  7C  V 

34 

(i 

7 

MHz  into  50(1 

70 

MHz  into  1000(1 

43 

nv//Hz  Into  50(1 

4>5 

- 

C-l  0 


WA  Vf  t  (  Wjni  -M4JMMI  T«  *t 


-  Typical  Spactral  Raaponalvfty  Charactariattc 


VM 


Dlmanalont  In  milllmatara.  Dl'nanaione  In  paranthaaaa  ara  In 
Inchaa. 

Pin  Connection  a 

1:  Negative  Blaa  for  Photodiode 

2.  6.  9.  11.  12.  13.  14:  No  Connactlon.  Do  Not  Uaa 

3.  5.  •:  Ground  (Caaa  and  Power  Supply) 

4:  -V„  Nagatlva  Blaa  for  Amplinar 

7:  Signal  Output 

10:  +V  M  Poalllva  Blaa  for  Amplifier 


2  d  B  /  d  i  v 


20nV/H  zl/2 
/&  iv 


o/p  Load:  50  ohms 


C 30986  Series 


Electrical  Characteristics  C30986-70QC-01 


Units 


Detector  Responsivlty  (coupled)  81.3pm  . 

Min. 

Typ. 

.66 

Max. 

A/W 

81. 55  pm . 

.79 

- 

A/W 

Responsivlty  81.3pm  . . . 

4.2x10'' 

- 

V/W 

81.55(0  . 

5.  Oxl  O'* 

- 

V/W 

Noise  Equivalent  Power  (NEP): 

(lOOKHz  f  fo/2)  81.3m  . 

1.4 

2.6 

pw/ /Hz 

@1 . 55ym  . . . . * 

1.2 

2.2 

pW/ /Hz 

Output  Spectral  Noise  Voltage  Density 

( f “100KHz-f o,  Af-l.OHz)  . 

60 

80 

nV//Hz 

Sensitivity  (Pavg  .810-9B.E.R.  )81 .3m  . 

.  -42 

-43 

- 

dBm 

8 1 . 55ym . . . . . 

-44 

- 

dBm 

Output  Impedance  . . . . . 

20 

40 

n 

System  Bandwidth,  fo  (3dB  point)  . . 

70 

MHz 

Rise  Time  (101  to  901)  . 

5 

6.4 

ns 

Fall  Time  (901  to  101)  . 

5 

6.4 

ns 

Dynamic  Range  (optical)  . 

20 

- 

dB 

Output  Offset  Voltage  . 

-1.5 

-3.0 

V 

Supply  Current,  +5.2V . 

25 

35 

mA 

-5.2V . 

10 

15 

mA 

Detector  Leakage  Current,  -5.2V . 

10 

30 

nA 

Detector  Capacitance,  -3.2V.  . . 

0.5 

PF 

Translopedance  Resistor  . 

100 

kn 

At  an  ambient  temperature*  (TA)  of  22BC,  negative  photodiode  bias  of  -5.2VDC,  preampli- 
fler  operating  voltages  of  +5.2VDC  and  -5.2VDC,  and  the  signal  output  AC  (capacltlvely ) 
coupled . 


S/N:  {%7)$ _  TEST  SUPERVISOR:  _ DATE:  /jL - 


CD:  _  Q.C. !  _  DATE: 


Measured  Value*  4 

Responslvlty  81.3(n  . 3SM  y fy  int0  son 

. 6.///»fV/W  into  10000 

Detector  Leakage  Current  85.2V  . .  nA 

Supply  Current,  +3.2V  . .  24  mA 

-5.2V  .  J.5  mA 

Output  Offset  Voltage  . .  V 

Output  Impedance  . v«. . 40  Si 

System  Bandwidth,  fo  (3dB  point)  . *7  KHz  into  500 

System  Bandwidth  “  73  MHz  Into  10000 

Output  Spectral  Holae  Voltage  Density  (AVG)  .....  4f  nv//Hz  into  500 


(Peak)  ....  70 


C-8 


i'10‘#8f»  Juries 


-  Typical  Spectral  Reaponaivity  Characterlatlc  » 

Dimennona  In  mllUmalart.  Dlmanslont  In  parentheaea  ara  In 
Inches. 

Pin  Connactlona 
1  Negative  Blaa  for  Photodiode 

2.  6.  #.  11.  12.  13.  14:  No  Connection.  Do  Not  Uae 

3.  5.  8:  Ground  (Caaa  and  Power  Supply) 

4:  -V««  Negative  Blaa  for  Amplifier 

7:  Signal  Output 

10:  -fV  m  Poaltlve  Blaa  for  Amplifier 


r>U  ohms 


C 30986  Series 


Electrical  Characteristics  C30986-70QC-01 


Units 


Decector  Responslvlcy  (coupled)  81.3pn . . 

Kin. 

Typ. 

.66 

Max. 

A/W 

81 .55pm . 

.79 

- 

A/W 

Reaponslvlty  81.3pa  . . . 

4. 2x1  o'* 

- 

V/W 

81 .55^0  . 

S.OxlO1* 

- 

V/W 

Noise  Equivalent  Power  (NEP): 

(lOOKHz  f  fo/2)  81.3ns  . 

1.4 

2.6 

pW//H z 

81. 55pm  . . . 

1.2 

2.2 

pw/  /Hz 

Output  Spectral  Noise  Voltage  Density 

(f-lOOKHz-fo,  Af-l.OHz)  . 

60 

80 

nV/ /Hz 

Sensitivity  (Pavg.810“9B.E.R. )81.3(n  . 

-43 

- 

dBm 

81.55pa  . 

-44 

- 

dBm 

Output  Impedance  . . . . 

20 

40 

a 

Systea  Bandwidth,  fo  (3dB  point)  . . 

70 

- 

MHz 

Rise  Tine  (10Z  to  90Z)  . 

5 

6.4 

ns 

Fall  Tine  (90X  to  10Z)  . 

5 

6.4 

08 

Dynamic  Range  (optical)  . 

20 

- 

dB 

Output  Offset  Voltage  . . 

-1.5 

-3.0 

V 

Supply  Current,  +5.2V . 

25 

35 

mA 

-5.2V . 

10 

15 

mA 

Detector  Leakage  Current,  -5.2V.  . . 

10 

30 

nA 

Detector  Capacitance,  -S.2V . . . . 

0.5 

- 

PF 

Translnpedance  Resistor  . 

100 

k(l 

At  an  ambient  temperature  (TA)  of  2i"C,  negative  photodiode  bias  of  -5.2VDC,  preampll- 
fler  operating  voltages  of  -f5.2VDC  and  -5.2VDC,  and  the  signal  output  AC  (capacltlvely) 
coupled. 


S/N:  0097 


TEST  SUPERVISOR: 


DATE: 


CD: 


Q.C.: 


DATE: 


Measured  Values 

Reaponslvlty  81.3pm . i.ltio  y/W  lnt0  500 

"  "  . Ht**  v/W  Into  1000(1 

Detector  Leakage  Current  85.2V  . . . .  TO  ,*a 

Supply  Current,  +5.2V  . . . .  2.9  <nA 

-5.2V  .  J.f  nA 

Output  Offset  Voltage. . -x-ZZ  v 

Output  Impedance  . 99  0 

System  Bandwidth,  fo  (3dB  point)  ................  £5  KHz  Into  50(1 

Syatea  Bandwidth  “  .................  KHz  Into  1000(1 

Output  Spectral  Noise  Voltage  Density  (AVC)  .....  ^  nv//Hz  Into  50(1 

“  -  «  /P..I.1  L.  9  • 


C30986  Series 


TEST  SUPERVISOR: 


-  Dimensional  Outline  - 


HAVtltMQTM— «AMOM<  T«  U 


-  Typical  Spectral  Responsivtty  Characteristic 


Dimensions  in  millimeters.  Dimensions  In  parentheses  are  In 
Inches. 

Pin  Connections 

1:  Negative  Bias  lor  Photodiode 

2.  6.  0.  11.  12.  13.  14:  No  Connection.  Do  Not  Use 

3.  5.  •:  Ground  (Case  and  Power  Supply) 

4:  -V„  Negative  Biae  lor  Ampllller 

7:  Signal  Output 

10:  +V  M  Positive  Bias  tor  Amplifier 


2  d  15  /  d  i  v 


20nV/Hz  l/2 
/d  iv 


o/[)  Load  : 


-  j 


30  ohms 


C 30966  Series 


Electrical  Characteristics  C30986-70QC-01 


Units 

Detector  Responslvlty  (coupled)  91,3pm  . 

Min.  Typ. 

Max. 

A/W 

91. 55pm . . 

- 

A/W 

Responslvlty  91.3pm . . . 

- 

V/W 

91.55ia  . . . 

- 

V/W 

Noise  Equivalent  Power  (NEP): 

(lOOKHz  f  to/2)  91.3u»  . 

2.6 

pW//Hi 

91.55pm  . 

2.2 

pU/AS 

Output  Spectral  Noise  Voltage  Density 

(f-lOOKHz-fo,  Af-l.OHz)  . 

80 

nV/ /Hr 

Sensitivity  (Pavg.910-9B.E.R.)9l.3pm  . 

- 

dBm 

91.55pm . . 

- 

dBm 

Output  Impedsnce  . . . . 

40 

0 

System  Bandwidth,  fo  (3dB  point)  . . 

- 

KHz 

Rise  Time  (10X  to  90X)  . 

6.4 

ns 

Fall  Time  (90X  to  10X)  . 

6.4 

ns 

Dynamic  Range  (optical)  . . 

- 

dB 

Output  Offset  Voltage  . . . 

-3.0 

V 

Supply  Current,  +5.2V.  . . . 

35 

mA 

-5.2V . 

15 

mA 

Detector  Leakage  Current,  -5.2V . . 

30 

nA 

Detector  Capacitance,  -5.2V . . 

- 

PF 

Transimpedance  Resistor  . . . 

- 

kO 

At  an  ambient  temperature  (T^)  of  ii*C,  negative  photodiode  bias  of  -5. 2VDC,  preampll- 
fler  operating  voltages  of  +5.2VDC  and  -5.2VDC,  and  the  signal  output  AC  (capacltlvely ) 
coupled. 


S/N: 


009s 


TEST  SUPERVISOR: 


DATE: 


CD: 


Q.C.: 


DATE: 


Measured  Values 

Responslvlty  81.3pa  ....................... 

as  m 

Detector  leakage  Current  95.2V  . 

Supply  Current,  +5.2V  . . 

-5.2V  . 

Output  Offset  Voltage  . . . . . 

Output  Impedance  . . . . 

System  Bandwidth,  fo  CSdB  point)  ........... 

System  Bandwidth  "  ............ 

Output  Spectral  Noise  Voltage  Density  (AVC) 

*  "  “  -  “  (Peak) 


X.ltb*  V/V  into 
■X/t*  y/W  lnt0 


*.0 

x*o 

3.« 


nA 

mA 

mA 


500 

10000 


2.7/  v 
41  0 

65  MHz  Into  500 
72  KHz  Into  10000 
nv//Hz  Into  500 


C  30966  Series 


Electrical  Characteristics  C30986-70QC-01 


ii'vm 

Typ. 

Max. 

Detector  Responslvlty  (coupled)  81.3pm  ......... 

.57 

.66 

- 

A/W 

01.55pm . 

.68 

.79 

- 

A/W 

Responslvlty  01.3pa  . 

.lxlO4 

4.2xl04 

- 

V/W 

01.55^1  . 

,6xl04 

5.0x10’ 

- 

V/W 

Noise  Equivalent  Power  (NEP): 

(lOOKHx  f  loll)  81.3ms  . 

- 

1.4 

2.6 

pW//Hi 

81.55pm  . . . 

- 

1.2 

2.2 

pW//Hz 

Output  Spectral  Noise  Voltage  Density 

(f-lOOKHz-fo,  6f-1.0Hx)  . 

- 

60 

80 

nV//HI 

Sensitivity  (Pavg.01O~9B.E.R.)0l.3Ms . 

-42 

-43 

- 

dBm 

01. 5 5 pa  . 

-43 

-44 

- 

dBm 

Output  lapedance  . . 

20 

40 

n 

Systea  Bandwidth,  fo  (3dB  point)  . . . 

55 

70 

- 

MHz 

Rise  Time  (10X  to  90X)  . 

- 

5 

6.4 

ns 

Fall  Tine  (90X  to  10Z)  . 

- 

5 

6.4 

ns 

Dynamic  Range  (optical)  . 

18 

20 

- 

dB 

Output  Offset  Voltage  . 

-0.7 

-1.5 

-3.0 

V 

Supply  Current,  +5.2V . . . . 

- 

25 

35 

mA 

-5.2V . 

10 

15 

mA 

Detector  Leakage  Current,  -5.2V . 

- 

10 

30 

nA 

Detector  Capacitance,  -5.2V . 

- 

0.5 

PF 

Translapedance  Resistor  . 

— 

100 

kn 

At  *n  ambient  temperature  (T^)  of  22*C,  negative  photodiode  bias  of  -5s2VDC,  preampli¬ 
fier  operating  voltages  of  +5.2VDC  and  -5s2VDC,  and  the  signal  output  AC  (capacltlvely) 

coupled. 


S/H: 


C(7M 


TEST  SUPERVISOR: 


DATE: 


CD:  _  Q.C. :  _  DATE: 


Measured  Values 

Responslvlty  01.3pa . . . t-it/o  v/W  into  500 

"  ’  . 6.71/p4  v/W  Into  10000 

Detector  Leakage  Current  85. ZV  .  S.°  nA 

Supply  Current,  +5.2V  . . . .  ^  mA 

•  •  -5.2V  ,.v . . .  mA 

Output  Offset  Voltage  . . -2.fS  V 

Output  lapedance  . . . . . .  4 *  0 

System  Bandwidth,  fo  (3dB  point)  .  KHz  Into  500 

Systea  Bandwidth  *  . . .  7-?  MHz  Into  10000 

(Xitput  Spectral  Noise  Voltage  Density  (AVG)  .  H  nv//Hz  Into  500 


\% 


C30<)ftf>  Series 


S/N: 


OFM 


TEST  SUPERVISOR: 


s?>. 


HATH: 


Cku^jjs/rf- 


CD: 


y.c.: 


DATE : 


I 

I 


-  Typical  Spectral  Responslvtty  Characteristic 


Dimension*  in  millimeters  Dimansions  In  parentheses  ara  in 
inches 

Pin  Connection* 

1:  Negative  Bias  lor  Photodiode 

2.  6.  9.  11.  12.  13.  M  No  Connaction.  Do  Nol  Usa 

3.  5.  0  Ground  (Casa  and  Powar  Supply) 

4:  -V«  Negative  Bias  lor  Ampliliar 

7:  Signal  Output 

10  4-V  M  Posltiva  Bias  lor  Ampliliar 


2dB/div 


20nV/Hz  V2 
/d  iv 


u /  ■  Load 


3  0  ohms 


APPENDIX  C 


.'MEASURED  DATA  ON  5 
PIN-FET  RECEIVERS  SUPPLIED 
AS  PART  OF  THE  REQUIREMENTS 
OF  THIS  CONTRACT 


*  (^b 


MISSION 

of 

Rome  Air  Development  Center 

RAVC  plans  and  e.xe.cutes  xese.aA.ck,  development,  test  and 
selected  acquisition  pxogxams  In  support  of  Command,  Contxcl 
Communications  and  Intelligence  [C* I)  activities.  Technical 
and  engineering  suppoxt  ulthin  areas  of  technical  competence 
<s  pxovided  to  ESV  Pxogxam  Calces  {POs )  and  other  ESV 
elements.  The  principal  technical  mission  areas  are 
communications,  electromagnetic  guidance  and  control,  sur- 
veillance  o f  ground  a*d  aerospace  objects,  intelligence  data 
collection  and  handle. g,  information  system  technology, 
solid  state  sciences,  electromagnetics  and  electronic 
reliability ,  maintainability  and  compatibility . 


Printed  by 

United  States  Air  Force 
Hanscom  AFB,  Moss.  01731 


